New information on Middle and Late Quaternary deposits of the Thule region, northwest Greenland necessitates the revision of the chronostratigraphy of the area and allows fuller understanding of the marine environmental changes in Baffin Bay. The stratigraphic record is interpreted as the product of three marine events (Saunders ", Qarmat and Nuna, in decreasing age), during which marine sedimentation occurred on coastal areas now land, and three or four glacial events of decreasing age and ice cover (Agpat, Narsaarsuk, and Kap Abernathy/Wolstenholme Fjord), to which the marine events were glacio-isostatically related.
Introduction
Changes in the ice cover of the land around northern Baffin Bay during the Quaternary depended not only on the thermal climate regime but also on the nature of the oceanic circulation through its influence on moisture supply (Miller et al., 1992; Funder et al., 1992) . The Thule area of northwest Greenland, lying today at the northern limit of the warm West Greenland current, is well placed, in theory, to investigate this interaction of climate and circulation on ice sheet history but it requires a well established chronostratigraphy to accomplish this. The present paper reviews the extent to which this is possible, reviewing recent evidence and reappraising past information.
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The Thule area ( Fig. 1 ) has long been known to have a stratigraphical record of multiple glacial and marine events extending back beyond the Late Weichselian glaciation maximum, from the occurrence of marine sediments with thermophilous faunas C dated to '30 ka in association with tills (Krinsley, 1963; Blake, 1975 Blake, , 1977 Blake, , 1987 Kelly, 1980a) . A subsequent investigation by ourselves of old and new localities in 1986 led to the recognition of three glacial events and three marine events (Funder, 1990) . However, fieldwork in 1989 and subsequent extensive laboratory investigations enable a fuller palaeoenvironmental reconstruction as well as necessitating a revision of the age estimates for these events.
The area comprises the mainland around Wolstenholme Fjord, the islands within the fjord and the offshore islands of the Carey "er. The bedrock is unmetamorphosed Proterozoic sedimentary and volcanic rocks overlying Precambrian crystalline basement rocks ( Dawes et al., 1982 Dawes et al., , 1991 . The topography is one of moderate relief, with rounded low hills and plateaux rising to ca. 1000 m in Steensby Land. Along the north coast, a marked bedrock platform lies along the coast at various elevations up to ca. 50 m and with widths of up to several kilometres. Elsewhere, the coastline mainly consists of steep cliffs except at valley mouths. The main bathymetric features are the '200 m deep troughs incised into the SW branch of Wolstenholme Fjord and the '1000 m deep trough separating the Carey "er from the mainland, which is a continuation of the deeper trough of Hvalsund and Inglefield Bredning to the north. The present glacierisation consists mainly of local ice caps and their small outlet glaciers. However, Harald Moltke Brae, which occupies the inner part of Wolstenholme Fjord, is a calving glacier draining partly from ice caps and partly from the main Greenland Ice Sheet, which otherwise lies to the east of the area.
Absolute and relative dating
(i) Thermoluminescence (TL) and optically stimulated luminescence (OSL) dating of shallow marine and fluvial sediments were carried out by the Nordic Laboratory for Luminescence Dating, University of Aarhus, using the methods described in Kronborg and Mejdahl (1990) and Mejdahl and Funder (1994) (Table 1 ) (all uncertainties quoted for ages are 1 sigma). TL dates are corrected for the effect of shallow traps, including uncorrected dates previously reported in Kronborg and Mejdahl (1990) . This correction compensates for the underestimation of age arising from the difference between natural dose rates and those used in laboratory irradiation of samples and the presence of shallow traps in feldspars. This is based on experiments with feldspars from the Thule area in the uncorrected age range of 40-120 ka (Mejdahl et al., 1992) , although three older ages have also been corrected.
The luminescence dates show a continuous distribution without stratigraphically significant breaks, although with only a few departures from the predicted stratigraphic sequence (Fig. 2) . However, ages of deposits assigned to the middle marine event (Qarmat) have a wide range of 91-154 ka and a mean of 127$16 ka. Removing the two upper outliers reduces the range to 91-133 ka and mean to 116$11 ka, which agrees well with the anticipated age discussed below. This restricted group are all from littoral sands, which have the best chance of signal zeroing during transport in the nearshore zone, with frequent wave resuspension. The two Kronborg and Mejdahl (1990) Member:-S: Saunders "; Q: Qarmat; N: Nuna; r: reworked Fig. 2 . Age distribution of luminescence dates according to stratigraphic member (1986 and 1989 surveys). outlying dates are for deposits of a more turbid environment, with mud deposition interrupted by rapidly sedimented thin turbidite sands, all of which could result in retention of a residual signal and an overestimated age. TL dates for the youngest marine sediments (Nuna event), 14-69 ka, are generally older than expected. However, re-analysis of these using OSL, which is much more sensitive to brief exposure (Mejdahl and Funder, 1994) , has produced two dates (10 ka and one of 16 ka, in better agreement with the C ages. The error in the TL ages is probably due to incomplete zeroing affecting young sediments proportionally more than older (V. Mejdahl, pers. comm. 1994) . The two remaining older dates, one of which also has an old OSL date (44 ka), are from coarse beach sediments on the Carey "er which have produced a variety of dates by different methods (see below) and which appear to be an admixture of Nuna and possibly Qarmat material, both fossils and sediment matrix. The luminescence dates are, therefore, not necessarily an indication of the age of the marine conditions.
The few TL dates from sediments assigned to the oldest marine event (Saunders ") range from 144 to 177 ka with a mean of 167$16 ka, which, on stratigraphical grounds, may not be reliable.
(ii) Radiocarbon dating was carried out on bivalve molluscs at the Scottish Universities Reactor Centre, Scotland (SRR); Trondheim Laboratory for Radiological Dating, Norway (T); and the AMS C Dating Facility, Aarhus University, Denmark (AAR). The results are shown in Table 2 , which supplements the results previously reported by Mo¨rner and Funder (1990) . An age correction for the oceanic reservoir effect is applied to the laboratory's reported dates when this has not been allowed for, using an apparent age of 400 years (Mo¨rner and Funder, 1990) .
(iii) Uranium series dating was carried out on bivalve mollusc species at Lancaster University, U.K., based on the ingrowth of Th from U and U. U and Th isotope determinations were made by alpha spectrometry after ion-exchange separation of the elements (Table 3 ). Significant levels of Th are present in most samples indicating contamination by detrital Th. A correction for this source of error was made on one sample by the use of an isochron method. For the other samples, the mean Th: Th ratio of three modern (living) samples was used as the basis for correction. Theoretically, the latter method is much less satisfactory, although the isochron based result has a large uncertainty. One sample gives an age appropriate to the Nuna marine event, agreeing with the results of other dating methods. All the other dates in the range 58-106 ka are substantially younger than TL dates on the same sediments or inferred dates. This is considered to be due to diagenetic uptake of U.
(iv) Analysis of the D-alloioleucine : L-isoleucine ratios (aIle : Ile) in bivalve molluscs were carried out at Bergen University, Norway (Sejrup, 1990) . Several valves from each sample were analysed and replicate analyses carried out on many of these. The means and standard deviations of the results are shown in Table 4 , which supplements that published previously by Sejrup (1990) .
The ratios in the mean total hydrolysate fraction from samples from a given site show a continuous distribution which does not distinguish clearly between the various stratigraphic units (Fig. 3) . Thus, the two oldest marine units (Saunders " and Qarmat) are even less separated than by the luminescence dates, presumably due to site specific factors which have influenced the thermal history experienced by the shells. The overall poor time resolution may also be caused by extremely low diagenetic temperatures during the cold intervals before and after the marine events, as suggested by Sejrup (1990) . However, there is usually a clear distinction between Qarmat and Nuna event samples, with Holocene age shells from the latter having total hydrolysate aIle:Ile ratios (0.017 and a non-detectable free fraction. One anomalous sample from Carey "er beach sediments, with a mean of 0.019 and range of 0.013-0.032, apparently includes shells of different ages, giving Holocene and infinite AMS C dates. A similar explanation holds for a sample with a high mean and range of values from reworked shells at the surface of a beach gravel. Typically, high ratios have been obtained from glacially reworked shells in tills.
As indicated above, there is sometimes a lack of correspondence between dates established by the different methods, TL, OSL, amino acid and C, especially at sites on the islands of the Carey "er (Isbj+rn ", Nordvest+ and Fire+). The deposits there, located in small bays and inlets, are unusually coarse boulder gravels with sand matrices which appear to be mixed, in terms of sediments and/or faunas, by mass movement, marine reworking and by the re-occupation by faunas of old substrates.
Faunal analysis

Macroinvertebrates
Samples analysed for macroinvertebrates were generally 5 kg, although some samples consist of shells picked (4) Member -S: Saunders "; Q: Qarmat; N: Nuna; r: reworked. from the surface. Table 5 lists the species collected during field work in 1989, supplementing the published lists from sites investigated in 1986 (Feyling-Hanssen and Funder, 1990) . The following assemblages have been recognised in the fossil macroinvertebrate faunas. Their ecological interpretation and biostratigraphy are discussed more fully later.
(i) Macoma calcarea assemblage, with Mya truncata, Hiatella arctica, Clinocardium ciliatum, Serripes groenlandicus, Balanus balanus and Strongylocentrotus droebachensis present as common species: this is considered to be identical to the arctic Macoma calcarea community which dominates the present benthic communities in the area (Vibe, 1950) .
(ii) Nuculana-Chlamys assemblage, with one or more taxodont species such as Nuculana minuta, N. pernula, Bathyarca glacialis, Portlandia arctica, as well as Chlamys islandica and the polar water species Palliolum greenlandicum: this is a soft bottom community, developed below wave base probably indicating conditions slightly cooler than at present.
(iii) Mytilus-Balanus assemblage, typically composed of worn shell-fragments of Mytilus edulis and compartment plates of Balanus, especially Balanus balanoides: this is a shallow water fauna indicating a subarctic influence greater than that of today.
Foraminifera
For analysis of the foraminifera, 100 g samples were prepared according to Meldgaard and Knudsen (1979) . At least 300 specimens were identified from each sample, where ever possible. The percentage distribution of the more frequent species recorded from the 1989 survey is given in Table 6 . For poor samples the actual numbers obtained are indicated with italics. The table supplements the records given in Feyling-Hanssen and Funder (1990) . The most frequent of the foraminiferal species indicating warmer conditions than at present in the area are marked with 'SA' (cf. Gudina and Evserov, 1973 , Feyling-Hanssen, 1980 , FeylingHanssen and Funder, 1990 . In addition, the faunal diversity index of Walton (1964) has been used for the environmental interpretation. The following six foraminiferal assemblages have been recognised in the deposits; three (i)-(iii) indicating water temperatures comparable to the present and three (iv)-(vi) warmer conditions:
(i) The Cibicides lobatulus-Astrononion gallowayi assemblage is dominated by C. lobatulus with A. gallowayi and Elphidium hallandense as frequent associated species and with a low faunal diversity index. This composition of species indicates normal marine salinity in a high energy environment and the assemblage presumably resembles the present faunas in the area (Phleger, 1952; Loeblich and Tappan, 1953; Feyling-Hanssen and Funder, 1990 ).
(ii) The Astrononion gallowayi assemblage is dominated by A. gallowayi together with Islandiella helenae, I. norcrossi, I. islandica and C. reniforme (see Feyling-Hanssen and Funder, 1990) . The faunal diversity is low and so is the content of subarctic species. This assemblage type reflects ice-distal arctic conditions in an area of normal marine salinity (see below).
(iii) The Islandiella helenae assemblage is dominated by I. helenae with associated species such as I. norcrossi, A. gallowayi, C. reniforme, E. excavatum and C. lobatulus. This type of fauna is found in ice-distal sediments in the Canadian Arctic (Osterman and Andrews, 1983; Osterman and Nelson, 1989) and is similar to that found in present assemblages of the Thule area (Phleger, 1952; Feyling-Hanssen and Funder, 1990) .
(iv) The Astrononion gallowayi-Gavelinopsis praegeri assemblage is dominated by C. lobatulus together with A. gallowayi. A content of the subarctic species Gavelinopsis praegeri and Rosalina vilardeboana, together with a relatively high faunal diversity index, point to ameliorated temperature conditions. A. gallowayi is found associated with relatively warm, but still arctic, saline bottom waters in the recent arctic (Mudie et al., 1984) . C. lobatulus was considered a subarctic species by Gudina and Evzerov (1973) , but this species seems to be strongly connected with coarse sediments and high energy conditions rather than temperature (Murray, 1991) . This assemblage is interpreted as indicating open normal saline waters and temperatures higher that at present in the area.
(v) The Nonionella auricula assemblage is characterised by a high faunal diversity index and a relatively high content of subarctic species such as N. auricula, Melonis barleeanus, Islandiella inflata and in some samples also G. praegeri. The dominant species are E. excavatum, Cassidulina reniforme, I. islandica, I. helenae and I. norcrossi. Shallow water species such as E. albiumbilicatum, Haynesina orbiculare, E. hallandense and the Buccella frigida group are usually relatively common. This assemblage also reflects conditions warmer than at present (e.g. Gudina and Evzerov, 1973; Feyling-Hanssen and Funder, 1990 ).
(vi) The Islandiella inflata-Cibicides lobatulus assemblage is characterised by the subarctic I. inflata (see Gudina, 1966; Feyling-Hanssen, 1990 ) together with a relatively high amount of shallow water species such as E. albiumbilicatum and E. hallandense. The content of the subarctic species I. inflata, E. albiumbilicatum, N. auricula and G. praegeri and the high faunal diversity indices point to warmer temperatures. Dominant species in the assemblage are C. lobatulus, E. excavatum, C. reniforme and I. helenae. This assemblage also indicates warmer conditions than at present in a relatively shallow water environment. 
Lithostratigraphic and biostratigraphic interpretation
During the two field surveys, detailed examination, logging and sampling was conducted of sections excavated in coastal exposures, together with reconnaissance mapping of the geomorphology and deposits of the surrounding areas.
Lithostratigraphic logs for key sections and their correlation are shown in Fig. 4a and b (with sample numbers from 1986 and 1989 surveys). Additional litho- and biostratigraphic information for the sites investigated in 1986 (Qarmat, Narsaarsuk and Saunders ") has been published in Houmark-Nielsen et al. (1990), Funder and , and Feyling-Hanssen and Funder (1990) . With one exception (see the Kap Abernathy event), the lithostratigraphy established by the earlier work is applicable to the wider area covered by the later fieldwork. Six major lithostratigraphic units, i.e. members, have been recognised in the sections, comprising three units of marine facies sediments (ice distal) and 3-4 units of glacial facies sediments (including ice proximal marine). The marine units represent marine events defined by the inundation of areas now land. They include transgressive and regressive phases responding to glacio-isostatic events modified by eustatic controls. The glacial units represent glacial events defined by an increase in ice cover relative to the present. The two types of event are not necessarily separated in time since, beyond the margin of an extended ice cover, a glacial event could be represented in time by a marine event. Furthermore, the boundaries of lithostratigraphic units and the events they represent will be spatially diachronous.
The key to the stratigraphic interpretation is the distinction of the three marine members seen in the sections and their correlation across the area. In order of decreasing age, these constitute the deposits of the Saunders ", Qarmat and Nuna marine events. The youngest, Nuna member is recognised by young C dates (see below) and the amino acid criteria given earlier. The primary evidence for the distinction of the oldest marine members is their relative stratigraphic position at 3 sites (Fig. 4A /B, E and K). In addition, the new evidence for a faunal difference is used to correlate isolated occurrences with the main sites, i.e. the restriction of the Mytilus-Balanus mollusc assemblage to the Qarmat member. By their relationships to the marine members, three or four glacial members and events are distinguished: Agpat, Narsaarsuk, and Kap Abernathy/Wolstenholme Fjord, in order of decreasing age. Their chronostratigraphy is discussed later but an indication of the proposed correlation with Oxygen Isotope Stages is given in the headings below.
Agpat glacial event (OIS 6?)
Sediment of this event (Agpat member) is present in only one section (A), at Saunders ", where a mud matrix supported diamicton with predominantly exotic coarse clasts interpreted as till lies beneath the marine Saunders " member.
Saunders Ø marine event (OIS 6?)
At the type site at the island of Saunders " (Fig. 4A-C) , the Saunders " member consists of 18 m of fossiliferous sediments. The lowest subunit is interbedded sandy or 
Islandiella helenae, I. in#-Cib: Islandiella in-ata}Cibicides lobatulus, Non. aur: Nonionella auricula) Fig. 4 . Continued muddy diamicton and marine shell bearing muds and sands interpreted as a deep water sediment. Above, is a thick sequence of mainly foreset bedded, clast supported gravels of local origin, interbedded with sands. The upper part is a horizontally stratified gravel indicating littoral conditions. The whole is interpreted as representing the progradation of a small coastal delta or spit during a period of sea level regression following the Agpat glacial event. At Iterlak (Fig. 4K-L) , this member comprises 13 m of fossiliferous glaciomarine diamicton interrupted by 1 m of clast supported gravel with an infiltrated mud matrix. Unless represented by this gravel, a regressive episode has not been identified at Iterlak. At Narsaarsuk, the results of the revisit to the site indicated that the lowest unit (Fig. 4E) is a glacially disturbed fossiliferous marine diamicton assigned to the Saunders " event.
The macrofossil faunas at all three sites display Nuculana-Chlamys assemblages but in association with some subarctic species. Iterlak has the highest frequency of the polar water species Portlandia arctica and Palliolum greenlandicum encountered in the area. The foraminiferal faunas at these localities include two assemblages with subarctic elements indicating warmer conditions than at present. Of these, the Islandiella inflataCibicides lobatulus assemblage at Iterlak indicates high energy conditions in rela-tively shallow water, while the Nonionella auricula assemblage at Narsaarsuk and Saunders " (Feyling-Hanssen and Funder, 1990 ) represents a deeper water facies.
Narsaarsuk glacial event (OIS 6?)
At the type locality at Narsaarsuk (Fig. 4E-G) , proximal glacial facies sediments lie between deposits of the Saunders " and Qarmat marine members. They comprise a sandy diamicton, interpreted as a basal till, together with coarse gravels and boulder gravels which, in turn, pass laterally into cross bedded sands. Deformation structures at the base of the unit are consistent with an ice flow from the NW. At Iterlak (Fig. 4K) , 11 m of very coarse clast supported boulder gravels with a silt to sand matrix occur between the Saunders " and Qarmat marine members. These sediments are also considered to be proximal glacial deposits although, because of the instability of the section, they were not closely examined. At Saunders " (Fig. 4A-B) , 0.5 m of clast supported gravel and diamicton overlying the shallow marine beds of the Saunders " member is now interpreted as a glacial proximal deposit belonging to this event (Houmark-Nielsen, pers. comm.). The bed above, 0.5 m of mud matrix supported diamicton with shell fragments, represents the transition to deep water conditions at the beginning of the next marine event.
Qarmat marine event (OIS 5)
Typically, the Qarmat member consists of coarsening upwards, regressive facies sequences typified by the successions present at Narsaarsuk and Qarmat. They begin with fossiliferous marine muddy diamictons and muds, locally containing burrowing molluscs in life position, which are considered to be deposits of relatively deep waters. The general coincidence of warm faunas (see below) and the clast content of the muds, which is highest at the Qarmat section (Fig. 4I) , indicates the existence of a calving glacier in inner Wolstenholme Fjord, giving conditions similar to those that existed during the Nuna event in the Holocene. The muddy sediments are succeeded by sands associated with shallower water, with the position of the transition depending on local depth conditions. At Narsaarsuk (Fig. 4E-G) , the coarser sediments are 3-8 m of horizontally bedded sands with planar and cross-lamination. Laminae of heavy mineral concentrates and lag gravel horizons indicate wave reworking. There is abundant evidence of the existence of benthic infaunas in the form of bioturbation, burrowing and in situ molluscs. These sands thicken towards the south (G) where the uppermost subunit is cross-bedded sands with laminae of plant debris, representing a small deltaic deposit. At Qarmat, the thinner sequence present there ends with a beach gravel.
Other localities show departures from the basic sequence described above. At Iterlak, only the coarser units are present, with 3 m of shallow marine sands and gravels. A thicker sequence exists at Kap Abernathy but, unlike other Qarmat sites, it has been strongly glaciotectonised and the overall stratigraphy is unclear (Fig. 5  M-O) . However, 4.5 m of shell rich sands and gravels, which overly muds and are interpreted as beach deposits, can be assigned to this event by their fauna (M). The stratigraphical position of other units is unclear. Shallow water coarse sediments with reworked warm faunal elements at Dundas (Fig. 4, P) possibly also belong to this unit. More notably, at Saunders " (Fig. 4 A-C) , muds are succeeded by 15 m of cross-bedded sands and gravels coarsening upwards to beach gravels, considered to be the deposits of a prograding delta or coastal spit. Importantly, this unit is interpreted as overlying and distinct from the similar sequence belonging to the Saunders " event and, therefore, a second regression episode. Overall, all the Qarmat member successions agree with a model of marine regression related to glacio-isostatic uplift.
The occurrence of this unit in the Carey "er is more problematic because of the mixing of sediments and faunas from the Nuna and an older marine event, as the dates discussed earlier indicate. The sediments in question, occurring in bays and inlets of the four investigated islands, are unusually coarse-grained sediments, formed of boulders and cobbles with interstitial sands. On the evidence of the fauna at Isbj+rn " (see below) and a TL date from Nordvest+, all the deposits which have yielded pre-Holocene amino acid ratios and infinite C dates are considered to be in part from the Qarmat event, i.e. occurrences on Isbj+rn " (Fig. 4, Y-Z) , including cobble and boulder beds with attached Balanus balanus which have a non-finite C age (Blake, 1977) ; Nordvest+ (Fig. 4X) ; Fire+ (0.5 m of shelly gravel); and Mellem+ (25 m of boulders with a local shell gravel matrix).
The littoral facies of the Qarmat member characteristically contains elements of the shallow marine MytilusBalanus assemblage, including locally extinct species. Amongst these species, B. balanoides occurs at Qarmat, Narsaarsuk, Kap Abernathy and possibly on Isbj+rn ". Individual sites also have other lo-cally extinct subarctic species: the gastropod ¹rophon truncatus, a serpulid Paradexiospira vitrea and a bryozoan Berenicea arctica. On Saunders ", the fauna is represented by the frequent occurrence of Mytilus edulis. The more subarctic character of the fauna indicates a higher water temperature than at present (see below).
The foraminiferal assemblages include two which indicate warm conditions, e.g. the shallow marine Islandiella inflata-Cibicides lobatulus assemblage found at Kap Abernathy and the Nonionella auricula assemblage at Qarmat (Feyling-Hanssen and Funder, 1990) and Narsaarsuk, at the latter together with a relatively high content of shallow water species. However, water temperatures comparable to the present are indicated by other assemblages. The Islandiella helenae assemblage, representing high-arctic, but ice-distal conditions is present in one sample from Iterlak and one from Qarmat (FeylingHanssen and Funder, 1990) . Another arctic assemblage, the Astrononion gallowayi assemblage, occurs at the base of Qarmat event deposits on Saunders " (Feyling-Hanssen and Funder, 1990) . The assemblage in the underlying sample appears to be a transitional fauna between the Astrononion gallowayi and Islandiella helenae assemblages. On the Carey "er, the Cibicides lobatulus-Astrononion gallowayi assemblage in the Qarmat member indicates a high energy environment and the planktonic species point to open, ice-free conditions.
Kap Abernathy and Wolstenholme Fjord glacial events (OIS 4? and 2)
Glacial sediments of the Wolstenholme Fjord member, as originally defined (see below), are only present in sections in the vicinity of the inner fjord, i.e. at Qarmat, where they overlie the sediments of the Qarmat marine member and an intervening fluviatile sand, and beneath the Nuna event marine sediments at Nunatarsuup nuua (Fig. 4J) . At Dundas, close to the postulated ice margin for this event, 3.5 m of gravels with reworked Qarmat event fossils may be a proximal glacial facies or an older, talus influenced, littoral marine deposit.
The latest survey has shown that glacial sediments younger than the Qarmat event also occur 10 km west of the Wolstenholme Fjord ice margin, at Kap Abernathy. There, a basal till, comprising a sandy diamicton with sediment clasts and shells reworked from older sediments, overlies glacio-tectonised sediments which include the Qarmat member (Fig. 5) . In turn, it is overlain by thin beach gravels presumed to belong to the Nuna event. The relationship between the Kap Abernathy and Wolstenholme Fjord events is not known and the possibilities range from them being separate events, with the absence of a marine event associated with the earlier being due to eustatic low sea levels, to both being phases of the same glacial event. For the present, both terms are retained.
Nuna event (OIS 2? and 1)
Marine facies sediments from this event, constituting the Nuna member, cap many of the sections (Fig. 4) . Coarsening upwards sequences, comprising fossiliferous marine diamicton overlain by sand and then gravel, occur at Saunders ", Narsaarsuk, Iterlak and Nunatarsuup nuua. At Dundas, the sequence is modified by the uppermost unit being thick angular gravels interpreted as a prograding talus from the adjacent hillslope and, at the Carey "er, clast supported boulder gravels with sand matrix are present.
The mollusc faunas generally include the Macoma calcarea and the Nuculana-Chlamys assemblages. More notably, the shallow marine facies include the Mytilus-Balanus assemblage, but without Balanus balanoides and the other exotic species present in this assemblage in the Qarmat event.
The arctic Islandiella helenae assemblage is found in deposits from the Nuna event at Dundas and Iterlak. A content of 3% Islandiella inflata in the Iterlak deposit (118 , Table 6 ) may be considered as reworked Qarmat event deposits. Similar Islandiella helenae assemblages occur on Saunders " whereas the Astrononion gallowayi assemblage occurs at Narsaarsuk (Feyling-Hanssen and Funder, 1990) . These two assemblage types do not contain subarctic species and indicate temperature conditions similar to those found in the area today. The corresponding Nuna event deposits on the Carey Islands contain the high energy Cibicides lobatulus-Astrononion gallowayi assemblage, which also indicates similar conditions to the present.
Extent of ice cover
Consideration of the extent of the ice cover during the various glacial events requires correlation of the section evidence with the regional geology and geomorphology. Reconciling the two sets of evidence is problematical.
Shelf glacial phase
There is clear evidence in the upland areas for their glaciation by an ice sheet which would have reached the shelf margin (Fig. 6) . In all cases, these glacial landscapes have a very weathered appearance. For example, in the area between Iterlak and Granville Fjord (Fig. 1) , the plateau surfaces above 200-300 m are either deeply weathered bedrock, felsenmeer developed mainly in situ but with scattered erratics, or heavily soliflucted tills. Further west, around Booth Sund, soliflucted tills and felsenmeer occur on surfaces between 200 and 400 m. In both areas, exotic crystalline erratics with a source to the east or north occur at the margins of present day small ice caps, indicating that they developed on surfaces once glaciated by a major icesheet.
A similar situation exists on the Carey "er, where the upland areas are covered with a deeply weathered felsenmeer with scattered erratics. These are dominated by sandstones and dolomites from the Wolstenholme Fjord drainage area to the east while the less frequent reddish granite may come from Inglefield Land to the north (P . Dawes, personal communication 1991) . Striations and chatter-marks, occurring on bedrock 'islands' piercing the regolith, also indicate ice movement from the north (Chamberlain, 1895; Bendix-Almgreen et al., 1967; Blake, 1977; Blake et al., 1996) . For this to have occurred requires a considerable expansion of the Greenland ice sheet, resulting in a major ice stream flowing out of Hvalsund-Inglefield Bredning and occupying the deep submarine trough which separates the Carey "er from Steensby Land (Fig. 1) .
The deep weathering of the upland surfaces suggests an old age for the shelf glaciation, unless it is argued that the weathered surfaces were preserved beneath a younger cold based ice-sheet. However, it is consistent with the overall stratigraphic interpretation discussed below if this phase is correlated with the Agpat event.
Outer fjord glacial phase
A phase of fjord glaciers with ice margins in the outer fjords is indicated by degraded lateral moraines which occur near to sea-level in the middle reaches of the Wolstenholme Fjord complex (II, Fig. 1) . Thus, at Moriusaq, a lateral moraine, kame terraces and other icemarginal features lie along the fjord side from 70-210 m. Further east, at Iterlak, meltwater channels occur at 250-350 m and glaciolacustrine sediments exist in the valley bottom, where a lake was dammed up by the ice in the fjord. Similarly, two large moraines at 70-113 m, also associated with glaciolacustrine sediments, cut across the mouth of the valley at Narsaarsuk on the fjord system's southern side. Further west, ice marginal features indicate the presence of ice correlated with this phase occupying Granville Fjord and in small valleys of the Booth Sund area but there is no evidence for an ice stream along the outer coast, i.e. between southern Steensby land and the Carey "er.
The keys to the relationship between the regional and section evidence is the correlation between the outer fjord moraine at Narsaarsuk and the Narsaarsuk member present in the adjacent coastal exposures and the fact that ice contact sediments between the Qarmat and Nuna marine members have not yet been recognised in the sections at Iterlak, Saunders " and Narsaarsuk. This is taken to indicate that the outer fjord moraines predate the Qarmat event and mark the limit of the Narsaarsuk ice sheet and, furthermore, that the inner fjord phase is of postQarmat age.
Inner fjord glacial phase/s
This phase was located by Houmark-Nielsen et al. (1990) at the Wolstenholme Fjord lateral moraine system and, hence, correlates with the member and event of this name. The moraine stretches for 12 km along the southern side of the inner part of the fjord and is consistent with an ice front lying at the mouth of the inner fjord (IV, Fig. 1) . A qualitative distinction was made between the degree of weathering on these moraines and on those of the outer fjord phase. The newly discovered Kap Abernathy till indicates an ice cover of at least intermediate extent between the outer and inner phases but has been given a theoretical ice margin in the vicinity of Kap Abernathy (III, Fig. 1 ) because of its stratigraphical position (post-Qarmat).
Historic glacial phase
This is marked by the fresh moraine laid down by the Neoglacial readvance which culminated in this century (V, Fig. 1) (Kelly, 1980b) .
Marine limits
A relatively well marked marine limit occurs in isolated localities throughout the area, correlated by C dates (reservoir corrected) which demonstrate that it belongs to the Nuna marine event. It has a low altitude which slightly increases from east to west, 35 m a.s.l. at Salisbury Gletscher, 36 m at Narsaarsuk, 40 m on Saunders ", 46 m at Iterlak and Booth Sund. The highest dated marine molluscs have an age of 8.9 ka, from 35 m a.s.l. at Booth Sund, but dates from lower localities up to 9.2 ka (Booth Sund and Salisbury Gletscher) give an older minimum age for the marine limit (Table 2 ; Mo¨rner and Funder, 1990) .
These dates associate the Nuna event and its marine limit with the glacioisostatic response of a late Weichselian glacial event, identified with the Wolstenholme Fjord/inner fjord phase advance. In which case, over most of the area it was a transgressive event occurring in the flexural zone of depression outside the ice margin.
On the Carey "er, the marine limit is estimated to be at 55 m, but the highest dated Holocene sediments are from 15 m a.s.l. Whether the marine limit here can also be credibly associated with the Nuna event, in part depends on the location of the Late Weichselian ice margin in the uninvestigated area to the north (discussed later).
At Booth Sund, there is some evidence of older shorelines above the Nuna marine limit up to 65 m a.s.l., but their origin is uncertain. Demonstrably older marine sediments are not known above 26 m a.s.l. (Iterlak).
Age of events
A suggested chronostratigraphy of the Thule area is summarised in Table 7 . The most secure point in this scheme is the age of the Qarmat marine event, well defined by the revised mean TL date of 116$11 ka discussed previously, and the yet more selective date for sites which have direct evidence of conditions warmer than present of 114$14 ka (Fig. 2) . The range of dates (91-133 ka) suggests that this event may have been long lasting, correlating with the whole of OIS 5 rather than the period of optimum conditions in OIS 5e (Eemian), although the precision of the dating technique does not allow a confident conclusion to be reached. This dates The age of the preceding marine event (Saunders ") is problematical, with the mean TL date of 167$16 ka falling within OIS 6 (Martinson et al., 1987) , when the deep sea oxygen isotope record implies glacial conditions existed. Either the TL dates are generally too young and the event should be correlated with the warm OIS 7 ('190 ka), or they are too old (because of incomplete zeroing) and it belongs to the Stage 5/6 boundary, or a Stage 6 age is accepted. Consequently the age of the older Agpat glacial event and shelf glaciation is also uncertain and it is tentatively given a minimum age of Stage 6.
The youngest marine event (Nuna) has so far yielded C dates confined to the Holocene, (9.2 ka, but it could extend back into the late Weichselian. As discussed above, this dates the inner fjord glaciation/Wols tenholme Fjord event to the late Weichselian (OIS 2). The minimum date for the end of this phase, with retreat of the ice behind the present margin is given by a 9.0 ka date from Nunatarsuup nuua (Mo¨rner and Funder, 1990) . Broadly similar C dates have been obtained by earlier workers (Crane and Griffin, 1959; Goldthwaite, 1960; Weidick, 1978) . Dating of the Kap Abernathy glacial event is poorly constrained by the above age estimates, to between early Stage 2 to late Stage 5.
Palaeo-oceanographic conditions
As described previously (Funder, 1990) , the Thule area today lies at the northern boundary of penetration by subarctic Atlantic water into Baffin Bay, which flows northwards along the Greenland coast as the West Greenland current. The area is therefore well suited to monitor palaeo-oceanographic changes in Baffin Bay.
Within the macroinvertebrate fossil faunas are species or groups of species which can be regarded as indicators of particular water masses, based on their modern water mass requirements, as deduced from Vibe (1950) , Thorson (1951) , Macpherson (1971) , Lubinsky (1980) , Dale (1985) , and Dale et al. (1989): (i) Subarctic species, close to their northern limits in the Thule area today (SA# , Table 5 ), e.g. Mytilus edulis, Chlamys islandica, Balanus crenatus, ½oldia hyperborea, which indicate that Atlantic water was being advected into Baffin Bay at least as far north as Thule.
(ii) Other subarctic species which do not reach the Thule area today (SA-, Table 5 ), e.g. Balanus balanoides, ¹rophon truncatus, Paradexiospira vitrea, Berenicea arctica, which show that the influx of Atlantic water was greater than today's.
(iii) Polar water indicators are more problematical, because the shallow water Arctic species often extend their distribution to the south in deeper waters. Thus, the rare¸imatula hyperborea known from the fossil record probably occurs in the area today, although it has not been recorded (A#, Table 5 ). It is more surprising that the investigation of the recent fauna in the area (Vibe, 1939 (Vibe, , 1950 has failed to find Portlandia arctica and Palliolum greenlandicum (A-, Table 5 ), which are ubiquitous in Arctic shallow water benthic communities and which lived in the fjords in the Thule area in the Early Holocene (Funder, 1990) . Portlandia arctica today is absent from western Greenland, except for an isolated occurrence south of Thule, while Palliolum occurs in northern West Greenland, south of Thule (Thorson, 1951) . Both are common in the fjords of Ellesmere Island and Baffin Island (Syvitski et al., 1989; Aitken and Fournier, 1993) . Therefore, even though systematic investigations might turn up these two arctic species in the fjords of the Thule area, the area can be considered to be critical for them and their occurrence in fossil faunas indicates periods with a larger influx of Polar water than today.
Faunas with subarctic species wholly or largely extinct in the Thule area today (SA-, Table 5 ) occur only in sediments from the Qarmat event. Balanus balanoides was abundant then along the coasts and Mytilus edulis was common. The latter species also occurred in the early Holocene, Nuna event but is now rare in the area (e.g. Theisen, 1973) . It was absent from the Saunders " event, although non-extinct subarctic species did occur, together with the extinct arctic species Portlandia arctica and Palliolum greenlandicum.
Thus, the evidence is that subarctic Atlantic water reached northern Baffin Bay during the three marine intervals known from the Thule area. However, conditions during the Qarmat event were somewhat warmer than at present, whilst the preceding Saunders " event was either slightly cooler, based on the macrofauna, or warmer than at present, according to the foraminifera. The presence of an intertidal-littoral fauna during the Qarmat event, whereas the beach sediments from the Saunders " event are devoid of shells, supports the former conclusion, since the present northern boundary of the subarctic region in the vicinity of Thule marks the northern boundary for stationary littoral benthos due to the development of shoreline ice (ice foot) (Madsen, 1940; Dale et al., 1989) . Notably, in the Nuna event, the onset of the subarctic conditions due to the West Greenland Current had occurred by the relatively early date of 9.2 ka BP.
In addition, the remains of locally extinct plants and insects in the deltaic sediments from the upper part of the Qarmat member indicate that land temperatures then were also high, with estimated July temperatures 4°C above those of the present (Bennike and Bo¨cher, 1992) .
Discussion
The stratigraphy of the Thule area, summarised in Table 7 , raises a number of wider questions. The first of these is whether, over the same time interval, there have been other periods of high relative sea-level with an ''interglacial'' type circulation in Baffin Bay, transporting subarctic water northwards along the West Greenland coast, than the three already identified.
One particular point is whether the multiple oscillations in the marine environment known to have occurred elsewhere in OIS 5 should be represented similarly in northwest Greenland. For example, the abyssal sediments from the Labrador Sea south of Baffin Bay show a conventional development of the sequence, in particular showing several high sea level/warm phases in Substages 5e and 5a . However, the oxygen isotope record from within Baffin Bay itself is strongly affected by local factors related to inputs of glacial meltwater and only one incursion of warm water has been identified, in Substage 5e (De Vernal et al., 1987; Hilaire-Marcel et al., 1989) . Again, the oxygen isotope record from the Summit ice core from the Greenland Ice Sheet records several warm oscillations in Stage 5, with 5e warmer than the Holocene and less warm intervals in 5c and 5a, as well as a number of higher frequency oscillations in 5e (Dansgaard et al., 1993; GRIP Members, 1993; Bond et al., 1993) .
In the Greenland terrestrial stratigraphic record, a sequence of marine and glacial events that correlate with all the substages of Stage 5 is known only from the Atlantic sector of the Greenland Ice Sheet, at Scoresby Sund, east Greenland . At Thule, according to the new interpretation, these substages have not been identified within the period of the Qarmat marine event, which the TL dates indicate extended over all of Stage 5.
Elsewhere in northwest and west Greenland, numerous isolated occurrences of marine sediments of probable Middle or Late Quaternary age are known and they have been used locally to define at least seven marine events. However, attempts to correlate and date them faunistically and by amino acid ratios (Funder and Sı´monarson, 1984; Kelly, 1986; Bennike et al., 1994) have yielded results that are at best tentative, due to the uncertainty associated with amino-acid dating (Sejrup, 1990; Funder et al., 1992) . Only the ice-proximal glaciomarine Laksebugt marine event has been luminescence dated, to 154-164 ka (4 dates) (Bennike et al., 1994) , which compare with the Saunders " dates and the oldest dates from the Qarmat event suspected of being over-estimates. Subarctic conditions were present during several of these events but none were clearly warmer than at present. Nevertheless, the Kaffehavn and Svartenhuk marine events were suggested to be of Stage 5 age (Kelly, 1986; Bennike et al., 1994) . Overall, these sites do not provide unequivocal evidence for more periods of interglacial type circulation in Baffin Bay than recognised at Thule.
A similar conclusion can be reached about the evidence from the Canadian side of Baffin Bay. The correlation of marine intervals on both sides of Baffin Bay has been discussed several times (e.g. Andrews et al, 1986; Funder, 1989; Funder, 1990; Funder et al., 1992; Miller et al., 1992) , based on the recognition that there was widespread faunal evidence for a pre-Holocene period with warm water circulation in Baffin Bay. Due to the limitations of the dating methods, as in west Greenland, it is not possible to advance beyond the general conclusions of Funder (1990) that the Qarmat event correlates with the Kogalu aminozone and perhaps even the Loks Land aminozone of Baffin Island.
The second question relates to the position of the late Weichselian glacial maximum corresponding to lowest global sea levels. Over the southern two-thirds of the Baffin Bay sector of the Greenland Ice Sheet the margin reached out onto the inner shelf, defining the Sisimiut stade (Kelly, 1985; Funder and Hansen, 1996) . However, the reconstruction of a much less advanced ice margin at Thule, relative to the present margin, is in line with the evidence along the northern and northeastern Greenland Ice Sheet margins (Kelly and Bennike, 1992; Funder and Hansen, 1996) as well as in the Melville Bugt area immediately to the south. The actual position at Thule is uncertain, located either at the Wolstenholme Fjord moraine (Fig. 1, IV) or in the vicinity of Kap Abernathy 10 km further west (Fig. 1, III) .
The apparent extent of the Holocene deglaciation in the Thule area and adjacent Melville Bugt region to the south, relative to the present ice margin, is very slight compared to the southern sector of the western Greenland Ice Sheet. Both this, and to some extent the apparent small Late Weichselian advance, may be partly an expression of a greater expansion of the north western sector of the Greenland Ice Sheet in the late Holocene than elsewhere (Kelly, 1980b) , as a result of the area's proximity to the open water source of moisture provided by the West Greenland Current in Melville Bugt during a period of lowered air temperatures.
The final point of regional interest is the age of the glaciation of the outer shelf and the islands on it (Carey "er) by the Baffin Bay margin of the Greenland Ice Sheet. In western Greenland generally the shelf glaciation, termed the Fiskebanke Glacial (Kelly, 1985) , is tentatively given a Saalian/OIS 6 age, as it is at Thule (Agpat event). In Fig. 6 , the ice margin suggested for the shelf glaciation is located at the 400 km bathy-metric contour, equivalent to a grounding line in approximately 300 m of water, allowing for eustatic and isostatic effects, which is typical of sections of the East Antarctic Ice Sheet margin (Drewry, 1983) . This would indicate an ice thickness of c. 1000 m in the region of the Carey "er. Reeh (1984) showed the three dimensional form required for a similar ice sheet with a grounding line at 600 m present depth, as well as for a more restricted ice cover with a 200 m (present depth) grounding line, which does not require ice extending south of Smith Sound.
The age of the shelf ice sheet configuration has been debated by Blake (1992a,b) and Blake et al. (1992 Blake et al. ( , 1996 . Their evidence from the Canadian and Greenland side of Smith Sound clearly indicates the presence there of a much younger ice stream dated to the end of the Weichselian, from evidence for substantial isostatic uplift commencing in the early Holocene, with up to 88 m of emergence on the Greenland side and up to 108-135 m on Ellesmere Island. A shell bearing till cover in the area is identified with this advance. The ice stream originated at an ice saddle occupying Kane Basin, fed by the coalescence of expanded Greenland and Inuitian ice sheets on either side. Support for this configuration of the Late Weichselian ice sheets comes also from evidence of a northward flowing ice stream north of Kane basin, at the Arctic Ocean end of Nares Strait, on Hall Land (Kelly and Bennike, 1992 ) and on Hans " in the middle of Kennedy Channel (De Freitas, 1990) .
However, the question remains as to whether the southerly flowing ice stream had its margin in the Weichselian at the entrance to Smith Sound (Fig. 6 ) or whether it reached much further south. Blake et al. (1996) have recorded ice moulded bedrock features from the shelf on both sides of the trough south of Smith Sound, at water depths of 200-400 m in the vicinity of the Carey "er and at 440 m off southeast Ellesmere Is. More importantly, they obtained a core from 823 m depth east of the Carey "er which gave dates of 10.8-10.9 ka for foraminifera at the contact between upper laminated marine sediments and a lower diamicton. This correlates the upper sedimentary unit with the Nuna event. However, the diamicton could be either a till of late Weichselian age or a glaciomarine sediment bearing an increased content of ice rafted debris from ice margins which were situated much further north and east, within the inner fjords. The latter explanation would be compatible with the Saalian (or older) date for the shelf glaciation suggested here.
In conclusion, our present view is that, since the glaciation of the shelves around northern Baffin Bay in OIS 6, ice advances of the Thule sector of the Greenland Ice Sheet have terminated within the fjords, with the advances having amplitudes (beyond the present ice margin) of (50 km. This limited spatial scale makes their differentiation difficult but the record apparently includes advances both late and early in glaciations (Stages 6, 4, 2 and potentially the Neoglacial), which may relate to the coincidence of low temperatures and the open water conditions associated with the presence of the warm West Greenland current. This type of circulation in Baffin Bay developed on three occasions during this time span (Stages 6, 5e and 1) with the middle one being the warmest.
